1. Introduction {#se0010}
===============

The axisymmetric magnetohydrodynamic equilibrium is governed by the well known Grad--Shafranov equation [@br0010]. Since plasma flow plays a role in the transitions to improved confinement regimes as the L-H transition and the formation of internal transport barriers (ITBs), generalized Grad--Shafranov equations (GGSEs) have also been derived for flowing plasmas, e.g. Eq. [(1)](#fm0010){ref-type="disp-formula"} below valid for incompressible flows of arbitrary direction. In addition to the development of equilibrium codes to solve the above mentioned equations, analytic solutions have been constructed primarily in two ways: either by the method of separation of variables for linearized forms of the equations, valid for arbitrary aspect ratio, or on the basis of inverse-aspect-ratio expansions usually indented for equilibria with small toroidicity. An example of the first method is the Solovév solution [@br0120]. The conventional way of employing the second method solves the Grad--Shafranov equation order by order in *ϵ*, the zeroth order equation corresponding to the cylindrical approximation and the toroidicity being introduced in the higher-order equations, e.g. [@br0010].

In the framework of the second method a coordinate system ($r,\theta,\phi$) is usually employed, called pseudo-toroidal or Shafranov coordinates, such that the magnetic surfaces have circular cross-section. Here, *ϕ* is the toroidal coordinate, and ($r,\theta$) are polar coordinates on the poloidal cross-section originated either on the magnetic axis or on the geometric centre (cf. Figure 6.1 of Ref. [@br0010]). Since elongation and triangularity (see Eq. [(12)](#fm0120){ref-type="disp-formula"} below) play an important role on confinement, this coordinate system was generalised for describing configurations with D-shaped magnetic surfaces, e.g. ([@br0030], [@br0040], [@br0130]).

Aim of the present study is to introduce an alternative coordinate system for D-shaped magnetic surfaces containing a parameter, *b*, which determines in a simple manner the triangularity. Also, alternative to the convectional way of constructing order by order in *ϵ* the equilibrium, the proposed coordinate system permits this construction by keeping any desirable order in *ϵ*. As applications the system is employed to construct ITER-like and JET-like equilibria with flow under a Solovév choice of the free functions involved in Eq. [(4)](#fm0040){ref-type="disp-formula"}. The equilibrium characteristics are also examined, in particular the impact of the triangularity in terms of *b* on the safety factor, *q*, and the toroidal beta, $\beta_{t}$. Interestingly, it turns out that increase of the triangularity results in an increase of both quantities, *q* and $\beta_{t}$, thus indicating an improvement of the confinement. This result was also supported by applying a condition for linear stability for the equilibria with parallel flow constructed.

In section [2](#se0020){ref-type="sec"} the GGSE equation is briefly reviewed and the proposed coordinate system is presented. Two classes of equilibria with ITER-like and JET-like shaping and safety factor are constructed in subsection [3.1](#se0040){ref-type="sec"} and the equilibrium characteristics are examined including the impact of triangularity on *q* and $\beta_{t}$. Then in subsection [3.2](#se0050){ref-type="sec"} we apply the stability condition for the subclass of the steady states with flow parallel to the magnetic field. Section [4](#se0060){ref-type="sec"} summarises the Conclusions.

2. Theory/calculation {#se0020}
=====================

The study is based on the following GGSE [@br0140], [@br0150]$$\begin{array}{rcc}
{(1 - M_{p}^{2})\Delta^{\star}\psi - \frac{1}{2}{(M_{p}^{2})}^{\prime}|\nabla\psi|^{2} + \frac{1}{2}\left( \frac{X^{2}}{1 - M_{p}^{2}} \right)^{\prime}} & & \\
{+ \mu_{0}R^{2}P_{s}^{\prime} + \mu_{0}\frac{R^{4}}{2}\left\lbrack \frac{\rho{(\Phi^{\prime})}^{2}}{1 - M_{p}^{2}} \right\rbrack^{\prime} = 0} & & \\
\end{array}$$ Here, the poloidal magnetic flux function $\psi(R,z)$ labels the magnetic surfaces, where ($R,\phi,z$) are cylindrical coordinates with *z* corresponding to the axis of symmetry; $M_{p}(\psi)$ is the Mach function of the poloidal fluid velocity with respect to the poloidal Alfvén velocity; $X(\psi)$ relates to the toroidal magnetic field, $B_{\phi} = I/R$, through $I = X/(1 - M_{p}^{2})$; $\Phi(\psi)$ is the electrostatic potential; for vanishing flow the surface function $P_{s}(\psi)$ coincides with the pressure; *B* is the magnetic field modulus which can be expressed in terms of surface functions and *R*; $\Delta^{\star} = R^{2}\nabla \cdot (\nabla/R^{2})$; and the prime denotes derivatives with respect to *ψ*. Because of incompressibility the density $\varrho(\psi)$ is also a surface quantity and the Bernoulli equation for the pressure decouples from [(1)](#fm0010){ref-type="disp-formula"}:$$P = P_{s}(\psi) - \varrho\left\lbrack \frac{v^{2}}{2} - \frac{R^{2}{(\Phi^{\prime})}^{2}}{1 - M_{p}^{2}} \right\rbrack$$ where *v* is the velocity modulus. The quantities $M_{p}(\psi)$, $X(\psi)$, $P_{s}(\psi)$, $\varrho(\psi)$ and $\Phi(\psi)$ are free functions. Derivation of [(1)](#fm0010){ref-type="disp-formula"} and [(2)](#fm0020){ref-type="disp-formula"} is provided in [@br0140], [@br0150].

Eq. [(1)](#fm0010){ref-type="disp-formula"} can be simplified by the transformation$$u(\psi) = \int\limits_{0}^{\psi}\left\lbrack 1 - M_{p}^{2}(f) \right\rbrack^{1/2}df$$ under which [(1)](#fm0010){ref-type="disp-formula"} becomes$$\begin{array}{rcc}
{\Delta^{\star}u + \frac{1}{2}\frac{d}{du}\left( \frac{X^{2}}{1 - {M_{p}}^{2}} \right) + \mu_{0}R^{2}\frac{dP_{s}}{du}} & & \\
{+ \mu_{0}\frac{R^{4}}{2}\frac{d}{du}\left\lbrack \varrho\left( \frac{d\Phi}{du} \right)^{2} \right\rbrack = 0} & & \\
\end{array}$$ Note that no quadratic term as $|\nabla u|^{2}$ appears any more in [(4)](#fm0040){ref-type="disp-formula"}. It is noted that once a solution of [(4)](#fm0040){ref-type="disp-formula"} is obtained, the equilibrium can be completely constructed with calculations in the *u*-space

Subsequently we make the Solovév-like ansatz for the free functions$$\begin{array}{rcl}
{\frac{1}{2}\left\lbrack \frac{X^{2}}{1 - M_{p}^{2}} \right\rbrack} & {: =} & {X_{00} + X_{0}u} \\
{\mu_{0}P_{s}(u)} & {: =} & {P_{00} + P_{0}u} \\
{\mu_{0}\left\lbrack \frac{\varrho{(\Phi^{\prime})}^{2}}{1 - M_{p}^{2}} \right\rbrack} & {: =} & {G_{00} + G_{0}u} \\
\end{array}$$ under which Eq. [(4)](#fm0040){ref-type="disp-formula"} reduces to$$u_{RR} - (1/R)u_{R} + u_{zz} + X_{0} + R^{2}P_{0} + \frac{1}{2}G_{0}R^{4} = 0$$ The values of the various constants appearing in Eq. [(5)](#fm0050){ref-type="disp-formula"} will be specified below. We also note that the solutions to be constructed in the next section hold for arbitrary poloidal Mach functions, $M_{p}^{2}(u)$, and densities, *ϱ*.

Now we introduce the new coordinate system that we propose in this paper expressed in terms of the $(r,\theta,\phi)$-coordinates described in section [1](#se0010){ref-type="sec"} via$$\begin{array}{rcl}
R & = & {R_{0} + r\left\lbrack 1 + bcos\theta \right\rbrack cos\theta} \\
z & = & {krsin\theta,\quad(0 \leq b < b_{max})} \\
\end{array}$$ Here, the parameters *k* and *b* determine the elongation and triangularity of the magnetic surfaces, with $b_{max}$ the maximum value for which the *u*-contours remain convex. For $b = 0$ and $k = 1$ it reduces to the usual coordinate system describing magnetic surfaces of circular cross-section. The coordinate systems [(7)](#fm0070){ref-type="disp-formula"} is simpler than others describing D-shaped magnetic surfaces [@br0030], [@br0040], [@br0130] because it does not involve highly non-linear composite trigonometric functions of the form $\cos(\sin(f(\delta,\theta))$, where the parameter *δ* is connected with the triangularity. Also, the form of $R(r,\theta)$ in [(7)](#fm0070){ref-type="disp-formula"} permits the construction of equilibria in a Fourier-decomposition-like way, that is by keeping in the *ϵ* expansions terms $\epsilon^{n}$ up to any desirable order *n*. Thus the usual order by order in *ϵ* construction can be avoided.

Furthermore, we normalize Eqs. [(6)](#fm0060){ref-type="disp-formula"}--[(7)](#fm0070){ref-type="disp-formula"}, converting them to completely dimensionless form, by defining $\rho: = R/R_{0}$, $\zeta: = z/R_{0}$, $(0 \leq w: = (r/a) \leq 1)$. Also we normalize the flux function as $\overline{u}: = u/u_{0}$, $u_{0}^{2}: = \mu_{0}P_{0}R_{0}^{4}$ and drop the bars for simplicity. Then we obtain$$u_{\rho\rho} - (1/\rho)u_{\rho} + u_{\zeta\zeta} + X_{0} + \rho^{2}P_{0} + \frac{1}{2}G_{0}\rho^{4} = 0$$$$\begin{array}{rcl}
\rho & = & {1 + \epsilon w\left\lbrack 1 + bcos\theta \right\rbrack cos\theta} \\
\zeta & = & {k\epsilon wsin\theta,\quad(0 \leq b < b_{\max})} \\
\end{array}$$ We substitute Eq. [(9)](#fm0090){ref-type="disp-formula"} into Eq. [(8)](#fm0080){ref-type="disp-formula"}, following e.g. [@br0100] and pursue a solution of the form$$u: = u_{1}(w) + u_{2}(w)cos\theta$$ The details of a lengthy calculation are given in the Appendix entitled "Derivation of Eqs. [(11)](#fm0110){ref-type="disp-formula"}".

In this calculation we have kept up to second order terms in *ϵ* and *β*. The result is the following couple of differential equations for the functions $u_{1}$ and $u_{2}$$$\begin{array}{rcl}
{u_{1}^{''}(w)} & = & {\frac{1}{DD}\left\lbrack - \frac{1}{2}(2b^{2} + k^{2} + 1)F + bG \right\rbrack} \\
{u_{2}^{''}(w)} & = & {\frac{1}{DD}\left\lbrack 2bF - \frac{1}{2}(2b^{2} + k^{2} + 1)G \right\rbrack} \\
\end{array}$$ where $DD: = \frac{1}{4}{\lbrack 2b^{2} + k^{2} + 1\rbrack}^{2} - 2b^{2}$. The form of the functions *F*, *G* is given in Eqs. (S3), (S4) and (S5) of the Appendix.

3. Results and discussion {#se0030}
=========================

3.1. Equilibrium {#se0040}
----------------

We have numerically integrated Eqs. [(11)](#fm0110){ref-type="disp-formula"} using the fourth order Runge--Kutta method with adaptive step size. The values of the constants in Eq. [(5)](#fm0050){ref-type="disp-formula"} were chosen to be $X_{0} = 20.1$, $X_{00} = 255$, $P_{0} = - 80.32$, $P_{00} = 2$, $G_{0} = - 20$, $G_{00} = 12$. We obtained the ITER-like equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left and the JET-like equilibrium of [Figure 1](#fg0010){ref-type="fig"}-right. For the ITER-like configuration we used the parametric values [@br0060] $R_{0} = 6.2m$ for the major radius and $a = 2.1m$ for the minor radius of the torus, so that the inverse aspect ratio is $\epsilon: = a/R_{0} \simeq 0.3443$. The respective values for the JET-like configuration are [@br0070] $R_{0} = 2.96m$, $a = 2.1m$ and $\epsilon = 0.32$. The connection of the parameter *b* with the triangularity is also shown in [Figure 2](#fg0020){ref-type="fig"}. The left equilibrium with circular magnetic-surface cross-sections therein corresponds to $b = 0$, while the right one to the maximum value, $b_{max}$, for which the magnetic surfaces remain convex.Figure 1Equilibrium configurations with ITER-like characteristics (left) and JET-like characteristics (right) as described in the text for *b* = 0.375.Figure 1Figure 2Equilibrium configurations corresponding to that of [Figure 1](#fg0010){ref-type="fig"}-left showing that the parameter *b* determines the triangularity. The left equilibrium corresponds to the value of *b* = 0 while the right one to the value *b* = 0.575.Figure 2

We want to stress that, for a quite vast range of values for the above parameters, one obtains similar equilibria to those of [Figure 1](#fg0010){ref-type="fig"}, and the numerical integration is stable. The initial conditions for the integration of Eqs. [(11)](#fm0110){ref-type="disp-formula"} were chosen to be $u_{1}(0) = 0.0$, $u_{1}^{\prime}(0) = - 0.5$, $u_{2}(0) = 0.0$, $u_{2}^{\prime}(0) = - 0.5$. The functions $u_{1}$, $u_{2}$ and *u* of Eq. [(10)](#fm0100){ref-type="disp-formula"} for the ITER-like equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left are shown in [Figure 3](#fg0030){ref-type="fig"}. For this equilibrium the flux on the magnetic axis, located at $(R_{a},z_{a}) = (6.4,0)m$, is $u_{a} = 0.0$, while on the boundary, shown in blue, is $u_{b} = 0.6$. Also we found that $R_{max} = 7.6m$, $R_{min} = 5.1m$, $R_{u} = 5.9m$, $z_{u} = 2.25m$. Thus for the actual elongation and triangularity of this equilibrium we have$$\begin{array}{rcl}
\overline{k} & {: =} & {\frac{2z_{u}}{R_{max} - R_{min}} = 1.8} \\
\overline{\delta} & {: =} & {\frac{R_{a} - R_{u}}{R_{a} - R_{min}} = 0.3846} \\
\end{array}$$ For the same values of $b = 0.375$, $u_{b} = 0.6$ and $u_{a} = 0$ the respective parametric values of the JET-like configuration of [Figure 1](#fg0010){ref-type="fig"}-right are $R_{max} = 3.96m$, $R_{min} = 2m$, $R_{u} = 2.85m$, $z_{u} = 1.1m$, $R_{a} = 3.1$, $z_{a} = 0$, $\overline{k} = 1.7$ and $\overline{\delta} = 0.33$.Figure 3The flux functions *u*~1~, *u*~2~ and *u* of Eq. [(10)](#fm0100){ref-type="disp-formula"} for the ITER-like equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left.Figure 3

To calculate the various flow-dependent equilibrium quantities we now make a peaked-on-axis choice for the Mach function, of Eq. [(3)](#fm0030){ref-type="disp-formula"}, and the matter density as$$\begin{array}{rcl}
M_{p}^{2} & {: =} & {M_{0}^{2}\left( 1 - \frac{u}{u_{b}} \right)^{2m}} \\
\varrho & {: =} & {\varrho_{0}\left( 1 - \frac{u}{u_{b}} \right)} \\
\end{array}$$ where $M_{0}^{2}$ is the maximum value on the magnetic axis and *m* is a profile-shaping parameter. We have used throughout the value $M_{0}^{2} = 0.01$ and $m = 1$ in Eq. [(13)](#fm0130){ref-type="disp-formula"}. Also $\varrho_{0} = 1$ (in units of $4 \times 10^{- 7}Kg/m^{3}$). The toroidal magnetic field, the pressure and the toroidal current density of the ITR-like equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left are shown in [Figure 4](#fg0040){ref-type="fig"}. The values involved are quite close to typical ITER-like values.Figure 4The toroidal magnetic field, pressure and toroidal current density for the ITER-like equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left.Figure 4

The toroidal beta is defined by$$\beta_{t}: = \frac{2\mu_{0}\langle P\rangle}{B_{0vac}^{2}}$$ where $B_{0vac}$ is the vacuum magnetic field at the magnetic axis. We have numerically calculated $\beta_{t}$ for various values of the triangularity parameter *b*. The results are presented in [Figure 5](#fg0050){ref-type="fig"}-left for the ITER-like equilibrium and in [Figure 5](#fg0050){ref-type="fig"}-right for the JET-like equilibrium of [Figure 1](#fg0010){ref-type="fig"}. The numerical values are shown with red circles versus a quadratic fitting, in blue. The respective vacuum magnetic field employed is $B_{0vac} \simeq 7T$. For the ITER-like equilibrium $\beta_{t}$ was found to be given by$$\beta_{t} \simeq 0.059b^{2} + 0.075b + 0.0239$$ A similar quadratic fitting is possible for the JET-like equilibrium. Finally the safety factor, $q(u)$, for the equilibria of [Figure 1](#fg0010){ref-type="fig"}, is given in [Figure 6](#fg0060){ref-type="fig"} for various values of the parameter *b*. The function $q(u)$ monotonically increasing from the magnetic axis to the plasma boundary is consistent with the peaked on axis current density of [Figure 4](#fg0040){ref-type="fig"} associated with usual confinement modes in tokamaks. In particular the minimum values of $q_{min} > 2$ on axis and $q_{max} \simeq 3$ on the boundary are consistent with the respective values of *q* provided in Refs. [@br0060] and [@br0070]Figure 5The toroidal beta, as given by Eqs. [(14)](#fm0140){ref-type="disp-formula"}--[(15)](#fm0150){ref-type="disp-formula"}, for the equilibria of [Figure 1](#fg0010){ref-type="fig"} as a function of the parameter *b*. The left and right curves are associated with the ITER-like and JET-like configurations, respectively. The red circles correspond to the numerically determined values, while the blue curves to a quadratic fitting.Figure 5Figure 6The safety factor for the equilibria of [Figure 1](#fg0010){ref-type="fig"}, as a function of the parameter *b*. The left and right curves are associated with the ITER-like and JET-like configurations, respectively.Figure 6

It turns out that both $\beta_{t}$ and *q* increase noticeably as *b* takes larger value, as can be seen in [Figure 8](#fg0080){ref-type="fig"}, [Figure 9](#fg0090){ref-type="fig"}, thus indicating a favourable effect of triangularity on confinement.

3.2. Stability consideration {#se0050}
----------------------------

We now consider the important issue of stability for the equilibria constructed with respect to small linear MHD perturbations by applying a sufficient condition [@br0160]. For this reason we computed again all the relevant quantities for the case where $G_{0} = G_{00} = 0.0$ in Eq. [(5)](#fm0050){ref-type="disp-formula"} and $\varrho = \varrho_{0} = 1$ for which the sufficient condition applies. This condition states that a general steady state of a plasma of constant density and incompressible flow parallel to **B** is linearly stable to small three-dimensional perturbations if the flow is sub-Alfvenic $(M_{p}^{2} < 1)$ and $A \geq 0$, where A is given below. In fact, if the density is uniform at equilibrium, it remains so at the perturbed state because of incompressibility. Also, note that here the flows are inherently sub-Alfvenic because of the transformation [(3)](#fm0030){ref-type="disp-formula"}. In the u-space for axisymmetric equilibria, *A* assumes the form$$\begin{array}{rcl}
A & = & {A_{1} + A_{2} + A_{3} + A_{4}} \\
A_{1} & = & {- {(\mu_{0}\mathbf{j} \times \nabla u)}^{2}} \\
A_{2} & = & {(\mu_{0}\mathbf{j} \times \nabla u) \cdot (\nabla u \cdot \nabla)\mathbf{B}} \\
A_{3} & = & {- \frac{1}{2}\frac{d(M_{p}^{2})}{du}{(1 - M_{p}^{2})}^{- 1}|\nabla u|^{2}\nabla u \cdot \frac{\nabla B^{2}}{2}} \\
A_{4} & = & {- \frac{1}{2}\frac{d(M_{p}^{2})}{du}{(1 - M_{p}^{2})}^{- 3/2}|\nabla u|^{4}g} \\
g & {: =} & {{(1 - M_{p}^{2})}^{- 1/2}\left( \frac{d(\mu_{0}P_{s})}{du} - \frac{d(M_{p}^{2})}{du}\frac{B^{2}}{2} \right)} \\
\end{array}$$ The quantity $A_{1}$ being always negative consists a destabilizing contribution potentially related to current driven modes. The other terms can be either stabilizing or destabilizing. Specifically, the term $A_{2}$ relates to the current density and the variation of the magnetic field perpendicular to the magnetic surfaces. The term $A_{3}$ involves the shear and magnitude of the flow in conjunction with the variation of the magnitude of the magnetic field perpendicular to the magnetic surfaces. $A_{4}$ is mostly a flow term depending on the magnitude and the shear of the flow.

We calculated the quantity *A*, of Eq. [(16)](#fm0160){ref-type="disp-formula"}, for several equilibria within a broad range of the free parameters. It turns out that as the triangularity parameter *b* gets larger the region of the poloidal cross-section on which the condition $A \geq 0$ is satisfied enhances. For the equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left (in the case of $G_{0} = G_{00} = 0.0$) this result is shown in [Figure 7](#fg0070){ref-type="fig"}. In addition, in [Figure 8](#fg0080){ref-type="fig"} we have plotted the minimum of the function *A*, $A_{min}$, as a function of *b*, which remains nearly unaffected of *b*. Furthermore, we calculated the average of the function *A*, $A_{av}$, defined as $A_{av}: = \int AdV/\int dV$ where the integral is taken inside the equilibrium region bounded by the blue boundary curve. As it is shown in [Figure 9](#fg0090){ref-type="fig"} the effect of the *b*-parameter is to increase this average. In addition, we found by increasing the parameter $M_{0}$ that the parallel flow has a weaker additional stabilizing effect. This is shown in [Figure 10](#fg0100){ref-type="fig"}. Finally, it is noted that the white coloured regions of [Figure 7](#fg0070){ref-type="fig"} where $A > 0$ does not imply instability because the condition is sufficient.Figure 7The stability function of Eq. [(16)](#fm0160){ref-type="disp-formula"}, for the equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left for two different values of the trangularity-parameter *b*. The left corresponds to *b* = 0.35 while the right to *b* = 0.55. The red regions correspond to the satisfaction of the criterion, namely *A* ≥ 0. It is evident that the increased triangularity causes the satisfaction of the criterion in a slightly vaster equilibrium region.Figure 7Figure 8The minimum value of the stability function of Eq. [(16)](#fm0160){ref-type="disp-formula"}, as a function of the *b*−parameter, for the equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left.Figure 8Figure 9The average value of the stability function of Eq. [(16)](#fm0160){ref-type="disp-formula"}, as a function of the *b*−parameter, for the equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left.Figure 9Figure 10The stability function of Eq. [(16)](#fm0160){ref-type="disp-formula"}, at the horizontal plane *Z* = 0, for the equilibrium of [Figure 1](#fg0010){ref-type="fig"}-left, for *b* = 0.55, as a function of the flow parameter $M_{0}^{2}$. This has a slightly stabilizing effect in the inner region of the equilibrium additional to that of triangularity. It is noted that in the outer region where *A* \< 0 the stability condition does not imply instability, because as sufficient, it becomes indecisive.Figure 10

4. Conclusions {#se0060}
==============

We have considered a GGSE with flow of arbitrary direction \[Eq. [(6)](#fm0060){ref-type="disp-formula"}\] by introducing a coordinate system prescribing D-shaped magnetic surfaces. This system contains a parameter *b* which determines the triangularity of the magnetic surfaces and is appropriate to construct equilibria on the basis of inverse aspect ratio (*ϵ*) expansions by retaining terms $\epsilon^{n}$ of any desirable order *n*. Specifically, the problem is reduced to a set of two ODEs which are solved numerically to construct two classes of equilibria the one with ITER-like and the other with JET-like characteristics. In particular our equilibria resemble those of equilibria of these tokamaks in terms of aspect ratio, triangularity, elongation and the safety factor. Also it is found that as *b* increases both the safety factor and the toroidal beta take larger values. In particular, the beta-parameter is related through fitting to the toroidal beta of the equilibria by a quadratic relation \[of Eq. [(15)](#fm0150){ref-type="disp-formula"}\]. Also, application of a sufficient condition for linear stability implies that the triangularity plays a stabilizing role, in that the higher *b* is the larger the part of the plasma volume at which that condition is satisfied. This effect is slightly strengthened by the parallel flow.

It is interesting to generalize the coordinate system proposed here by introducing a radially modulated triangularity ($b = b(r)$), which could be exploited in order that this modulation further optimize confinement. Also, alternative choices of the free functions can be made in order to construct more realistic D-shaped equilibria, e.g. equilibria with peaked toroidal current density profiles vanishing on the boundary or with hollow current density profiles associated with the advanced confinement modes in tokamaks.
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